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Flexible tubular pipe for the transport of fluid and 
particularly gaseous hydrocarbons with an 
antiturbulence carcass and internal lining 

The present invention relates to a flexible tubular 
pipe or duct of the unbonded type for transporting 
fluid and used in the field of offshore oil production. 
It relates more particularly to an improvement to pipes 
of the "rough bore" type (the internal bore of which is 
not smooth) which are intended for the production or 
transport of hydrocarbons, particularly gaseous 
hydrocarbons . 

The flexible pipes in most widespread use in oil mining 
are generally of the unbonded type in which the various 
successive and distinct layers have a certain freedom 
to move relative to one another and comprise, from the 
inside outward, a carcass consisting for example of an 
interlocked metal strip which serves to prevent the 
pipe from collapsing under external pressure, an 
internal sealing sheath made of polymer, a pressure 
vault consisting of at least one interlocked shaped 
wire wound in a spiral with a short pitch, armor layers 
known as tensile armor layers the lay angle of which, 
measured with respect to the longitudinal axis of the 
pipe, is less than 55°, and an external sealing sheath 
made of polymer. Such a flexible pipe is known as a 
flexible, the innermost element of which consists of a 
carcass that forms a rough bore, because of the 
discontinuities between the turns of the carcass. 

When a flexible pipe comprises, from the inside 
outward, an internal polymer sealing sheath, a pressure 
vault consisting of shaped wires wound with a short 
pitch and intended to withstand the radial stresses 
caused by the flow of effluent along the flexible pipe, 
an anti-collapse sheath, one or more tensile and 
pressure armor layers wound around the anti-collapse 
sheath and a polymer external sealing sheath; it is 



known as a smooth bore because the innermost element is 
a smooth-walled sealed sheath. 

In a variant, the flexible pipe has no pressure vault 
and the armor layers are spiral -wound in opposite 
directions with lay angles of around 55°. In this case, 
the internal and external pressures and the tensile 
forces also are exerted on or countered by these armor 
layers; such a flexible pipe is said to be balanced. 

Smooth bore pipes are used to convey fluids that have 
no gaseous phase (and therefore mainly for water 
injection pipes) ; this is because, in the case of two- 
phase fluids, the diffusion, as it flows, of the gases 
through the internal polymer sealing sheath causes an 
increase in the pressure in the annulus around the 
internal sheath. When the pressure in the annulus 
becomes higher than the internal pressure in the pipe, 
for example during a decompression following a 
shutdown, the pressure difference may cause the 
internal polymer sealing sheath to collapse on itself. 
It is, amongst other things, in order to counter this 
risk that it is preferable in this case to have an 
anti-collapse carcass in the internal polymer sheath 
and therefore to use a rough bore pipe. 

As recalled by the American Petroleum Institute 
standard API 17J, the carcass is a tubular layer, 
theoretically internal, formed of an interlocked metal 
winding and essentially intended to prevent the 
internal sealing sheath or the pipe from becoming 
crushed or collapsing under the effect of the external 
pressure when there is no internal pressure inside the 
pipe . 

The carcass is most traditionally made of corrosion- 
resistant strip, generally shaped with a cross section 
similar to a couched "S" and wound in such a way as to 
produce turns that interlock with one another. In order 
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to improve the performance of a carcass, various 
proposals have already been made. Reference may thus be 
made to document EP 0 429 357 by the Applicant company, 
which discloses a carcass in which the constituent 
5 strip comprises a wave-shaped part forming a bearing 
structure that increases the height of the cross 
section and therefore the second moment of area, thus 
improving the crushing strength of the carcass. 

10 Carcasses made of shaped spiral -wound wire also exist 
in the prior art . 

In application FR 01 13 748, the Applicant company has 
also proposed a hybrid carcass consisting of a winding 
15 with at least one elongate metal element such as a wire 
interlocked with a strip. 

In all the cases considered and for which the invention 
is intended, the carcass therefore comprises,, at least 
20 partially, a spiral-wound shaped wire or strip. 

A problem has arisen with flexible pipes for producing 
and exporting gaseous hydrocarbons. This problem is 
associated with the flow of the gas in the rough bore 

2 5 pipe and more specifically with the phenomena of the 

formation of vortices which occur upon contact with the 
discontinuities between the turns of the carcass. What 
happens is that the surface discontinuity encountered 
at these discontinuities leads to the formation of 

3 0 vortices (and hence to vortex shedding) which disturbs 

the flow of the gas through the pipe. These vortices 
give rise to cyclic pressure variations which may lead 
to problems with resonance (vibration, noise) in the 
pipe and at the equipment and pipework on the platform 
35 (or the FPSO for "Floating production storage and 
offloading") generally known as topsides, and also in 
submerged equipment. These pressure fluctuations and 
especially the resulting vibration may become very 
substantial and lead to problems of fatigue, 
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particularly in said equipment and at the ends of the 
pipes which are then stressed more heavily than they 
were designed for. These problems may give rise to 
numerous undesirable phenomena such as, for example, 
5 leaks at the equipment and pipework connected to the 
pipe, as a result of fatigue. 

One solution to these problems might be to alter the 
settings on the equipment of the platform or of the 

10 well, thus altering the conditions of use of the pipes 
in order to avoid these phenomena of resonance 
(reducing the pressure, the flow rate, etc.). However, 
while these changes to the conditions of use of the 
pipe allow the effects of these vortices to be reduced 

15 thereby reducing the problems of resonance, they do not 
allow the use of the pipe to be optimized nor do they 
truly solve the problem presented by these vortices. 

Another problem that is noticed is that of the pressure 
2 0 drop in the flow of liquid or gas in rough bore pipes 
as a result of the turbulence created at the 
discontinuities . 

The object of the invention is to find a solution to 
25 these problems of vortices and to propose a pipe of the 
rough bore structural type that allows gases to flow 
without exhibiting this detrimental turbulence or the 
associated resonance phenomena. 

30 This objective is achieved according to the invention 
by virtue of a flexible tubular pipe for transporting 
fluids, particularly gaseous hydrocarbons, the pipe 
being of the unbonded type and comprising at least a 
carcass, a polymer internal sealing sheath providing 

35 sealing for the transported fluid and one or more armor 
layers and in which the carcass, situated inside the 
internal sealing sheath consists of the interlocked 
spiral winding of a profiled element, characterized in 
that the turns of the carcass are internally covered 
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with a sheath pierced with holes that is intended to 
oppose turbulence of the fluid flowing in the pipe. The 
sheath makes it possible to hide the discontinuities 
and therefore oppose turbulence and its effects, both 
5 in turns of pressure drops and in turns of induced 
vibration. The holes in the sheath make it possible to 
avoid the aforementioned problems of the antiturbulence 
sheath collapsing (such as in the event of a shutdown 
for example) . Furthermore, for this purpose, the holes 
10 in the pierced sheath are partially (preferably at 
least 30% of them) located at the internal 
discontinuities between the turns. 

It is advantageous for the pierced sheath to collapse 
15 partially at the internal discontinuities between the 
turns so as to encourage the antiturbulence sheath to 
catch mechanically on the carcass in the longitudinal 
direction, something which is desirable in particular 
when the pipe is being used as a riser. Such a partial 
20 collapse may be obtained at the time of manufacture, 
for example if the antiturbulence sheath is obtained in 
the form of an expanding sheath positioned inside the 
carcass and expanded to the internal diameter of the 
carcass using known lining techniques. 

25 

Advantageously, the holes in the pierced sheath, of 
which there are a great many, are oblong. Their mean 
diameter (related statistically to circular holes) is 
between 1 and 8 mm, for example 5 mm. They are 
30 positioned longitudinally in an offset manner, for 
example in a spiral. As a preference, the holes are 
positioned with a spacing of between 5 and 100 mm, for 
example every 2 0 mm. 

35 Other advantages and characteristics will be brought to 
light upon reading the description which follows, with 
reference to the attached schematic drawings in which: 



- 6 - 

Figure 1 is a perspective view of a pipe of the rough 
bore type to which the invention applies, 

Figure 2 is an enlarged schematic view of a 
5 longitudinal section of carcass of the prior art, 
produced by winding an S-shaped strip, 

Figure 3 is an enlarged schematic view of a 
longitudinal section of carcass according to one 
10 embodiment of the invention. 

The flexible pipe 1 depicted in figure 1 comprises, 
from the inside outward: 

15 - a carcass 2 consisting of an interlocked metal 
winding which serves to prevent the pipe from 
collapsing under the external pressure, 

- an internal sealing pressure sheath 3, made of 
20 plastic, generally polymer, resistant to the chemical 

action of the fluid that is to be transported, 

- a pressure vault 4 that mainly resists the pressure 
developed by the fluid in the pressure sheath and 

25 consists of the short-pitch (that is to say with a 
winding angle of about 90°) helical winding about the 
internal sheath, of one or more interlocking metal 
wires (which may or may not self - interlock) ; the shaped 
wires having a cross section in the shape of a Z or a T 

3 0 or any derivative (teta or zeta) thereof, of a U or of 
an I , 

- at least one layer 5 (and generally at least two 
crossed layers) of tensile armor wound with a long 

35 pitch; the lay angle measured against the longitudinal 
axis of the pipe is, for example, roughly equal to 55°, 
and 



- a protective external sealing sheath 6 made of 
polymer . 

The pressure vault, essentially intended to withstand 
the internal pressure, is not needed in all situations 
and, given the additional cost burden that it 
represents, it is preferable to use a pipe without a 
pressure vault wherever circumstances so permit. The 
invention applies equally to either scenario. 

It additionally comprises the ant i turbulence sheath 30 
which will be described better further on. 

Figure 2 shows the construction of a carcass 2 known 
from document EP 0 429 357, produced from the helical 
winding about an axis XX of a strip 7 shaped into a 
flattened S, provided with a wave shaped bearing part 
8. The internal discontinuities 9 that appear between 
the adjacent turns form a closed well and are the cause 
of vortices represented symbolically by the lines 10 in 
the flow of gaseous fluid through the pipe, the overall 
flow of which is depicted symbolically in the form of 
the arrow 11. The external discontinuities 12 are 
plugged by the plastic layer of the sheath 3 which 
surrounds the carcass and creeps slightly into the 
discontinuities 11, thereby forming indentations 13. 

According to the invention, illustrated in figures 1 
and 3, the carcass 2 is internally covered by an 
antiturbulence sheath 30 advantageously arranged in 
such a way as to form slight depressions 3 3 at the 
internal discontinuities 9. The sheath 30 is provided 
with numerous holes 31, for example three holes 31 
about 5 mm in diameter every 10 mm offset by 120°, the 
next series being offset by 10° to prevent any 
accumulation of aerodynamic disturbances such that 
three spirals 32 of holes 31 are formed, at least a 
substantial proportion (preferably at least 30%) of 
which will lie over the discontinuities 9 so as to 
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prevent the ant iturbulence sheath from collapsing when 
the inside of the pipe is decompressed. 



Of course, these numerical examples, and the shape, 
5 number and dimensions of the holes can vary according 
to each application and are not in any way limiting. 
Indeed, the thickness of the sheath, the pressure and 
the nature of the fluid transported are, for example, 
just three factors which are liable to modify the 
10 arrangement of the holes in the ant iturbulence sheath. 

Naturally, the ant iturbulence sheath 30 of the 
invention, aside from attenuating the induced 
vibrations, is also effective in reducing pressure 
15 drops in the flow by eliminating turbulence at the 
discontinuities: this reduction in pressure drop 
largely compensates for the loss caused by the 
reduction in bore diameter as a result of the presence 
of the sheath 30 inside the carcass 2. 

20 

The sheath 3 0 is made of polymer and may be reinforced 
with fiber or with a latticework so as to increase its 
crushing strength. The increase in this crushing 
strength may in particular make it possible to reduce 
25 the number of holes by increasing the separation which 
may then be extended from 100 mm to several meters. 

It may also be noted that it could be advantageous to 
use an antiturbulence sheath comprising several 
30 external grooves connecting several holes to one 
another. This would then encourage the return of gases 
to inside the antiturbulence sheath in the event of 
decompression . 



